Introduction
The link between cigarette smoke and cancer has long been established. Smokers are 10 times at a greater risk of developing lung cancer than that of non-smokers [1] . Radioactive nuclides of the uranium-radium series, such as Pb-210 and Po-210, have long been associated with tobacco plants [2] . Tso, Harley and Alexander (1966) stated that the principal mechanism of incorporation involves uptake into roots from the soil and phosphate fertilizers. The properties and distribution of trichomes (hairs) on tobacco leaf surfaces suggest that they are effective col-lectors of small Aitken (nuclei) particles (50.1 mm diameter) by means of diffusive deposition due to Brownian motion of the particles [3] [4] . As about 85% of tobacco trichomes have glandular heads coated with a sticky exudate mixture of organic compounds, trichomes may retain the small atmospheric particles which are deposited on the glandular heads throughout the period of plant growth [5] [6] . This study is important because the research concerned with human beings in general and in particular the health of smokers, so it must assess the radiological hazards of radioactive nuclides in the smoke of cigarettes and tobacco through the following objectives:
1) To estimate the levels of natural radionuclides concentrations in tobacco and cigarette smoke.
2) To check if the radioactivity in tobacco may be or not the main reason of increasing the lung cancer in smokers especially in Iraq.
3) To pay attention to human health through the warning from some types of cigarettes that contains high level of radionuclides concentrations.
Theoretical Considerations

The Specific Activity of Radionuclides
The specific activity A i (E γ ) of radionuclide i measured in Bq/kg, for a peak at energy E γ , is given by [7] :
where N is the net peak area under the specific peak corrected for the background at energy E γ , t is the time of measurement in second, I γ (E γ ) is the abundance at energy E γ , ε(E γ ) is the detection efficiency at energy E γ and m is the weight of the measured sample in kg.
Annual Effective Dose
Assuming (0.82 ± 0.1 g) of tobacco per cigarette and a smoker was smoking 30 cigarettes (one and a half packs) per day or 24.6 g of tobacco per day, then the annual consumption of tobacco by cigarettes is estimated to be 8.979 kg/y. Taking into consideration the data for the radionuclide concentrations (Bq/kg) in tobacco fresh, the fraction of the radionuclide activity concentration that is recovered from cigarette tobacco to cigarette smoke is 0.75 (75%), as on the average, about 75% of the radioisotope in the cigarette tobacco was contained in the cigarette smoke, which is partially inhaled and deposited in the lung tissues and about 25% was retained in the cigarette filter and ash [8] . The most recent dose conversion coefficients of the radionuclides (Sv/Bq) for the case of inhalation for adults (smokers) is presented in Table 1 , then measurements are derived for the annual effective dose, H E (Sv/y), due to inhalation for adults (smokers), according to the equation (2) [9] : 0.75
where M T (kg/y) refers to the annual amount (in mass) of tobacco consumed, A i (Bq/kg) refers to the specific activity of the ith radionuclide and F (Sv/Bq) refers to the dose conversion factor as written in 
Annual Gonadal Dose Equivalent (AGDE)
The gonads, the activity bone marrow and the bone surface cells are considered as organs of interest by (UNSCEAR, 1988) because the most sensitive parts of the human body to radiation. An increase in AGED has been known to affect the bone marrow, causing destruction of the red blood cells that are then replaced by white blood cells. This situation results in a blood cancer called leukemia which is fatal, The annual gonadal dose equivalent (AGDE) in mSv/y due to the activity concentrations of Ra-226, Th-232, and K-40 was calculated using the following formula [13] 
Radium Equivalent Activity
To represent the activity concentrations of Ra-226, Th-232 and K-40 by a single quantity, which takes into account the radiation hazards associated with them, a common radiological index has been introduced. The index 
Excess Lifetime Cancer Risk (ELCR)
This gives the probability of developing cancer over a lifetime at a given exposure level, It is presented as a value representing the number of extra cancers expected in a given number of people with exposure to a carcinogen at a given dose, and we can calculate (ELCR) by equation (5) if considering 70 years as the average duration of life for human being [13] .
( )
where, ΣH E is the, the sum of Annual Effective Dose for (U-238, Th-232, K-40) DL is the average Duration of Life (estimated to be 70 years) and RF is the risk factor (Sv
), fatal cancer risk per Sievert. For low dose background radiations which are considered to produce stochastic effects, ICRP uses values of 0.05 for the public exposure [16] . This value-free units because it represents the probability of cancer incidence through this we can deduce the equation above.
Materials and Methods
Thirty one sample of different kinds of tobacco cigarettes were collected from Iraqi Market by 10 packets (200 cigarettes) each type. It is chosen in terms of the most common type used by smokers. The collected samples were grind to a fine powder after removing the paper and filters from cigarettes, using hand mill and electrical China mill. The fine powder will convert to the grain size of 650 µm using special Germany sieves (mesh). The samples were packaged in a 1 liter Marinelli beaker, the sealed marinelli beaker were kept for eight weeks before measurements in order to achieve the secular equilibrium for U-238 and Th-232 with their respective progenies. The net weight of the samples has been measured. Gamma rays, due to the environmental radioactivity emitters, in the cigarettes tobacco samples were subjected to gamma spectrometry system, which consist of coaxial (HPGe) detector, with an efficiency of 40% as shown in Figure 1 .
The procedure of the detector is to produce a signal for the incident gamma-ray on the detector generates a linear charge pulse. The primary purpose of the preamplifier is to provide an optimized coupling between the output of the detector and the rest of the counting system. The preamplifier is also necessary to minimize any sources of noise that may change the signal. The preamplifier shapes the signal and reduces its attenuation.
A standard mix source (Marnilli beaker) was used, in order to calibrate the efficiency of the detector. An accurate efficiency of the system is necessary to quantify the present radionuclide in the samples. It is essentialy that all system setting and adjustment have been repeated many times in order to determine the efficiency calibration and dependent finaly for measureing of our samples. A slightly changes in the settings of the system components may be give a direct effects on the efficiency measurement. To draw the calibration curve using the 
where: ε(E γ ): is the detection efficiency at energy E γ . Net: is the net peak area under the specific peak corrected for the background at energy E γ . A: is the activity in (Bq) After correction evry isotope in the standard mix source at the measuring date (22/12/2015) using equation
). I γ (E γ ) is the abundance at energy E γ . t is the time of measurement (86,400 sec).
The efficiency calibration curve for (HPGe) detector system by measuring the standard mix source as shown in Figure 5 .
Results and Discussion
Specific activity of the samples adopted on the Lead isotope (Pb-214) at energies (295.21 and 351.92) keV and Bismuth (Bi-214) at energy (609.32 keV) the specific activity adopted on the Lead isotope (Pb-212), Thallium (Tl-208) and Actinium are equivalent to the specific activity of Uranium (U-238) by choosing the avearge value of their activities, While (Ac-228) at energies (238.63, 583.19 and 911.16) keV respectively, are equivalent to the specific activity of Thorium (Th-232) by choosing the avearge value of their activities. The specific activity of radionuclides K-40 have been calculated by using their energies (1460.80) keV.
Survey Information from the Smokers
The aims of our survey are to know which types of cigarettes widely used by the smokers, in addition to the important information like diseases associated with smoking, including lung cancer, heart or other diseases. The survey included a more than one hundred of smokers from Iraq and 100 from different countries, the survey Procedure as shwon digram:
The design of the paper and internet survey application form Collect Responses Analyze Results
Paper Survey
Paper survey was including the distribution of more than 100 sheets of paper (contain the a questions) to Iraqi smokers with different age and sex, some of are students, lecturers and the others are some persons from the street, this survey was completed during in 2014, The results of the survey All smokers who have undergone these questions are from Iraq, Asked smokers do you know that tobacco cigarettes contain radionuclides which are deposited on the inner membrane of the lung? the answer is 69% (Yes) and 31% (No), as shown Figure 2 , 84% Percentage of smokers who smoke a cigarette to the end while 16% do not smoke it to the end, This is dangerous indication that 84% of smokers lungs are exposed to a radiation dose larger than smokers who do not complete their cigarettes to the end as shown Figure 3 , the Percentage of average number of cigarettes was smoking per day, 45% from smokers was smoking 20 cigarette per day, 24% for 40 cigarette per day, 18% for 10 cigarette per day, 13% for 30 cigarette per day as shown Figure 4 .
Internet Survey
In order to get a more information to expanded our results for the smokers from other countries. internet survey has been done by a special application using the same questions in the previous paragraph through the website known work Surveys. This site construction an application form such as link which can be published on social media or send it via email, the survey link has been published in the social media sites (Facebook, Twitter, Instagram and Viber) in order to be answered by all smokers who are in any country around the world, we obtained the answer of questions by 100 smoker from different countries. This survey was completed during July and August in 2015 The results of the survey 79% of smokers in this survey from Iraq, 6% from Egypt, 5% from Syria, 3% from Tunisia, 1% from Oman, 1% from Bahrain, 1% from KSA, 1% from France, 1% from Spain as shown Figure 5 . Asked smokers do you know that tobacco cigarettes contain radionuclides which are deposited on the inner membrane of the lung? The answer was 56% (Yes) and 44% (No), as shown Figure 6 . the Percentage of average number of cigarettes was smoking per day is 50% for smokers was smoking 20 cigarette per day, 20% for 40 cigarette per day, 22% for 10 cigarette per day, 8% for 5 cigarette per day as shown in Figure 7. * Radioactive decay is truly a random process that obeys Poisson distribution. In order to calculate the statistical error for any selected parameter (n), which has a certain result. The standard deviation (statistical error) can be considered as n (i.e. considered n as a true mean). Therefore, the reported parameter will be n n ± [19] .
The Specific Activity of Radionuclides
specific activity concentrations for U-238, have been found to be in the range of 3. The results show that all the values of Potassium specific activity for tobacco samples are greater than the worldwide average (400) Bq/kg [17] . While the specific activity for all samples are less than the Uranium and thorium worldwide average (35.30 Bq/kg) [18] respectively, except for MIA1 samples which is greater than the worldwide average for thorium. The determination of three isotopes (U-238, Th-232, K-40) is also shown in Figure 8 and Figure 9. 
Annual Effective Dose
By using equation (2), we have calculated annual effective dose. 
The Annual Gonadal Dose Equivalent (AGDE)
By using equation (3) we have been calculated the annual gonadal dose equivalent (AGDE) which are calculated and listed in Table 3 . The values vary from 0.3 to 0.64 (mSv/y) with an average value of 0.42 for tobacco samples. 
Radium Equivalent Activity
The Radium equivalent activities (Ra eq ) are calculated and listed in 
Excess Lifetime Cancer Risk (ELCR)
Excess lifetime cancer risk (cancer risk per million people per year) ranges from 0.54 in (ARD2) sample to 129.70 in (MAC) sample with an average value of 76.95. see Figure 10 . Figure 11 shows the relationship between cancer risk per million smoker per year and annual effective dose for each sample This is an indication that there is a linear relationship between the cancers and the annual effective dose rates of cancer increases with dose. 
Conclusions
1)
HPGe results indicate that the maximum value of U-238 series and K-40 in cigarettes, tobacco sample (MAC) which was made in Brazilian, gives a large dose to the lungs which increase the likelihood of lung cancer cases per million smokers per year. The reason may be in the soil containing high radioactivity or the use of fertilizer containing high concentrations of uranium. It will move into the plant by the roots, and there is a common rich fertilizer in Potassium, Nitrogen, and Phosphorus (called NPK) which are frequently used in the cultivation of tobacco plant, leading to transmission of Potassium-40 isotope to the plant through the roots also.
2) Cigarette smoking is the main cause of lung cancer. In fact, cigarettes are the cause of the first lung cancer because they contain radioactive elements including radon, which can be inhaled and deposited in the lung and radiate a long time causing the cancers.
3) Tobacco leaves have sticky hairs associated with structures called trichomes. Therefore, small particles from the atmosphere might be collected on these hairs and are not easily removed. In this manner, the longer lived Radon daughters become concentrated in the tobacco leaves.
